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The  present  study  was designed  for microwave  assisted  synthesis  of  zinc nanoparticles  (Zn NPs)  using
Lavandula  vera  leaf  extract  in  the  presence  of  ZnSO4 (1 mM).  The  biogenic  Zn  NPs  were  then  characterized
using  scanning  electron  microscopy  (SEM),  energy  dispersive  X-ray  (EDX),  X-ray  diffraction  spectroscopy
(XRD),  UV–visible  spectroscopy,  and Fourier  transform  infrared  spectroscopy  (FTIR)  techniques.  There-
after,  the cytotoxic  effect  of  ZnSO4 and  Zn  NPs  on  different  cell  lines  was  investigated  by MTT-based
cytotoxicity  assay  and  their  antioxidant  properties  were  assessed  using  DPPH  scavenging  activity and
reducing  power  assay.  The  SEM micrograph  showed  that  the  Zn  NPs  had  spherical  shape  with  the  size
range  of  30–80  nm.  For  A549,  MCF-7,  HT-29,  and  Caco-2  cell  lines  treated  with  Zn  NPs,  the  concen-
tration  necessary  causing  50%  cell  death  (IC50)  was  found  to be 22.3  ± 1.1 g mL−1, 86 ± 3.7  g mL−1,
10.9 ± 0.5 g mL−1, and  56.2 ± 2.8 g mL−1, respectively.  In  the  case  of  ZnSO4, the  same  results  (IC50)  were
observed  at  concentration  of  81.6  ± 1.3 g  mL−1 (A549),  121.0  ±  2.4  g mL−1 (MCF-7),  43.0 ±  1.4 g mL−1
(HT-29),  and  85.7 ±  2.3  g mL−1 (Caco-2).  The  obtained  results  of  antioxidant  activity  showed  that  the
IC50 values  of butylated  hydroxyanisole  (BHA)  and  Zn  NPs  were  44  g  mL−1and  65.3  g  mL−1,  respec-
−1tively,  while  ZnSO4 at concentration  of  200  g  mL exhibited  only  10.9%  DPPH  radical  scavenging  effect.
Moreover,  the  reducing  power  of  Zn  NPs  and  BHA  were  signiﬁcantly  higher  than ZnSO4 (p  < 0.05).  To  sum
up,  application  of  L. vera  leaf  extract  combined  with  microwave  heating  energy  led to  simple  and  fast
formation  of Zn  nanostructures  exhibited  higher  antioxidant  and  cytotoxic  activity  compared  to  soluble
Zn+2 ions.  However,  identiﬁcation  of the  related  mechanisms  merit  further  studies.
©  2016  Published  by Elsevier  GmbH.. Introduction
Remarkable applications of metallic nanoparticles in various
elds such as medicine, nutrition, and energy due to their unique
hysicochemical and optical properties introduced this ﬁeld as a
rowing trend during the two last decades [1,2]. Special charac-
eristics of zinc (Zn, one of the hardest elements in the group II to
I) nanostructures and its derivatives including i) semiconducting
used in photocatalytic reactions and development of sensors), ii)
∗ Corresponding author for cytotoxic and antioxidant evaluation: Tel.: +98-34-
1325238; fax: +98-34-31325003.
∗∗ Corresponding author for microwave-assisted biological synthesis and charac-
erization of nanoparticles: Tel.: +98-34-31325253; fax: +98-34-31325003.
E-mail addresses: ameri1363@gmail.com (A. Ameri), shakiba@kmu.ac.ir
M.  Shakibaie).
ttp://dx.doi.org/10.1016/j.jtemb.2016.09.001
946-672X/© 2016 Published by Elsevier GmbH.piezoelectric (the ability of transforming mechanical energy into
electric signal or vice versa), iii) ultraviolet shielding (applied in
production of laser diodes, LEDs, and photodetectors), and iv) UV-
ﬁltering properties (manufacturing of personal care products like
sunscreens and cosmetics) make this valuable element as the fourth
most widely applied metal in the world after iron, aluminium and
copper [3–5]. In addition, the critical role of Zn (as a micronutri-
ent) in the human health through stabilization of DNA structure,
participation as cofactor in various vital enzymes like superoxide
dismutase (SOD), carbonic anhydrase, and carboxypeptidase, regu-
lation of gene expression, proper function of immune system [6] as
well as its antioxidant activity [7,8] has been previously reported
by the both in vivo and in vitro studies [9,10]. So, many physic-
ochemical approaches like thermal/laser ablation, sol-gel process,
vapor deposition, and chemical reduction etc. have been developed
for synthesis of such valuable nanostructures. However, most of
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he mentioned techniques suffer from utilization of sophisticated
quipments and/or toxic chemicals and production of environmen-
ally hazardous by-products [11,12]. Therefore, there are increasing
ttempts to set up simple, cost-effective, and ecofriendly meth-
ds for synthesis of such important nanoparticles [13,14]. In this
egards, notable advantages of biological entities (such as microor-
anisms and plant extracts) introduce them as suitable substitutes
or nanoparticles assembly [15,16]. Moreover, application of the
lant extracts for biosynthesis of various nanostructures is a very
imple, fast, and green synthesis method which do not require very
xpensive and complicated equipments [11,17].
Microwave (MW)  is a portion of the electromagnetic spec-
rum (with frequencies 300 MHz–300 GHz) used as a heating
ethod [18,19]. Different advantages of MW heating compared
o conventional bath heating such as uniform heating, very short
hermal induction period, selective formation of speciﬁc morphol-
gy, superheating of solvents over the boiling points of the solvent,
nd generation of localized high temperatures at the reaction sites
ake it suitable for reducing the metal ions in solutions [20,21].
tilization of MW heating methods for preparation of gold, silver,
imetallic, ZnS, and carbon nanomaterials have been previously
eported [22–24].
There are many reports about the production of Zn nanowires,
n nanocomposites, Zn containing quantum dots, and ZnO
anoparticles using physicochemical methods [25,26]. Further-
ore, biological synthesis of Zn NPs assisted by plant extracts of
usticia adhatoda L. [27] and Parthenium hysterophorous [28] were
lso reported. However, to the best of our knowledge and according
o a survey of the literature, there are no reports on biosynthesis
f Zn NPs by combination of plant extract (as reducing agent) and
W heating method.
The main aim of the present study was biosynthesis of Zn NPs
sing Lavandula vera leaf extract assisted by MW heating and
haracterization of the produced nanostructures. In addition, the
ytotoxic and antioxidant activities of the prepared biogenic Zn NPs
ere also evaluated.
. Materials and methods
.1. Chemicals and reagents
Zinc sulfate, 2,2-diphenyl-1-picrylhydrazyl (DPPH), butylated
ydroxyanisole (BHA), dibasic sodium phosphate (Na2HPO4),
odium dihydrogen phosphate (NaH2PO4), potassium ferricyanide,
richloroacetic acid (TCA), and ferric choloride (FeCl3) were
urchased from Merck Chemicals (Darmstadt, Germany). 3-
4, 5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide
MTT), AlCl3 methanolic solution (10%), Folin–Ciocalteu’s reagent,
allic acid, and rutin were supplied by Sigma–Aldrich (St. Louis, MO,
SA). Fetal bovine serum (FBS), Dulbecco’s modiﬁed Eagle medium
DMEM), and antibiotics were supplied by Gibco (Life Sciences Inc.,
SA). All other chemicals and solvents were of analytical grade.
.2. Plant collection, extraction, and determination of total
olyphenol and ﬂavonoids content
Fresh and healthy L. vera was collected from the suburbs of
erman, Iran (30◦16′60′ ′N, 57◦04′44′ ′E) during August 2015. The
lant identiﬁcation was then performed by a specialist and it was
eposited under accession number of 1422-3 in the herbarium
f the department of pharmacognosy, faculty of pharmacy, Ker-
an university of medical sciences (Kerman, Iran). The plant leaves
ere thoroughly washed using double distilled water and kept for
hade drying. After one week, the dried leaves were grinded into a
ne powder in a mill and 5 g of the obtained powder were addededicine and Biology 39 (2017) 116–123 117
to 100 mL  of deionized water in a 250 mL  Erlenmeyer ﬂask. After
30 min  heating at 80 ◦C, the extract was attained by centrifugation
of the mixture (8000 rpm for 5 min) followed by keeping of the
extract at 4 ◦C before being used for further investigations.
The total phenolic content (TPC) of the plant extract was esti-
mated using the Folin-Ciocalteu procedure according to Baba and
Malik [29]. The reaction mixture was  prepared by adding 0.5 mL
of herbal extract into 2 mL  of distilled water and inserting 0.5 mL
of F-C reagent, followed by thoroughly shaking of the mixture for
5 min. Afterwards, 2 mL  of sodium carbonate solution (20% w/v)
was added to the prepared reaction mixture and kept in the dark
for further 60 min. The related absorbance of the sample was  sub-
sequently recorded at 650 nm using a UV–visible double beam PC
scanning spectrophotometer (UV-1800, Shimadzu CO, USA) and the
TPC was then calculated regarding to the calibration curve of gallic
acid (mg  of gallic acid per g dry weight). The total ﬂavonoid content
(TFC) of the herbal extract was  assessed based on the method pre-
viously described by Elfalleh et al. [30]. Brieﬂy, into 0.2 mL  of the
plant extract an amount of 1 mL  methanol, 3.5 mL  of distilled water,
and 0.3 mL  of NaNO2 solution (5%) was added and the prepared mix-
ture was incubated for 5 min. Thereafter, 0.3 mL of methanolic AlCl3
solution (10%) was added to the reaction mixture and incubated
for further 6 min, followed by inserting 1.7 mL  of NaOH solution
(1 M)  and measuring of the related absorbance at 510 nm after
15 min  incubation of the prepared mixture. The TFC was then calcu-
lated using the calibration curve obtained for the rutin as standard
ﬂavonoid and expressed as mg  rutin per g dry weight.
2.3. Preparation and characterization of Zn NPs
An aqueous solution of ZnSO4 (1 mM,  40 mL) was added to 10 mL
of L. vera extract (as mentioned above) in a reaction vessel by pass-
ing pure argon in the solution. Subsequently, the reaction mixture
was treated in a microwave oven (850 W,  60 s) to reduce the metal
ions. The appearance of a dark gray color considered as a provi-
sional marker for synthesis of Zn NPs. The produced nanostructures
were then washed with chloroform, ethyl alcohol, and distilled
water, respectively, and characterized using different techniques.
The UV–visible spectrum of Zn NPs was  recorded (200–600 nm)
using the above mentioned spectrophotometer. In order to investi-
gate the surface and elemental composition of the biogenic Zn NPs,
samples were analyzed using a SEM apparatus (KYKY-EM3200)
equipped with an energy dispersive X-ray (EDX) micro analyzer.
The related size distribution pattern of NPs was plotted by man-
ual counting of 400 individual particles from different SEM images.
The crystalline structure of the prepared Zn NPs was examined by
the X-ray diffractometer (Philips, PW1710) with CuK radiation
( = 1.5405 A◦) in the 2 range of 0◦–80◦. The surface chemistry of
oven-dried (50 ◦C, 72 h) L. vera extract and Zn NPs was also inves-
tigated by a FTIR spectrophotometer (Shimadzu IR-470, Japan) at a
resolution of 4 cm−1 in KBr disks.
2.4. Cell culture and cytotoxicity assay
Four human cancer cell lines including A549 (lung cancer), MCF-
7 (breast cancer), HT-29 (colorectal cancer), and Caco-2 (colorectal
cancer) were purchased from the Iranian Biological Resource
Center (IBRC) Tehran, Iran. The cells were cultivated in DMEM
medium supplemented with FBS (10%, v/v) and antibiotics [peni-
cillin (100 U mL−1) and streptomycin (100 g mL−1) at 37 ◦C in a
CO2 incubator (5% CO2). In order to determine the cytotoxic effect
of Zn NPs and ZnSO4, the cells were harvested in the exponen-
tial phase of growth, seeded separately into 96-well tissue culture
plates (10,000 cells per well) and allowed to adhere for 24 h fol-
lowed by addition of the biogenic Zn NPs and ZnSO4 into the desired
wells to reach ﬁnal concentration range of 10–160 g mL−1 and
1 s in Medicine and Biology 39 (2017) 116–123
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urther incubation for 24 h at the above mentioned conditions.
fterward, 20 L DMEM medium containing MTT  (5 mg  mL−1)
as added to each well and incubated for 4 h. Consequently, the
edium was replaced with 100 L of DMSO, and the optical densi-
ies were then determined at 570 nm.  All mentioned procedure was
erformed in triplicate and the IC50 values were then calculated by
onlinear regression analysis (SPSS software, SPSS Inc., Chicago) of
he obtained results and expressed as mean ± SD.
.5. Evaluation the antioxidant effect of Zn NPs
.5.1. DPPH scavenging activity
DPPH scavenging activity was investigated using a modiﬁed
ethod previously described by Forootanfar et al. [31]. Brieﬂy, one
L  from various concentrations of Zn NPs (10–500 g mL−1) was
ixed with 1 mL  of the freshly prepared DPPH solution in methanol
0.15 mM)  and an additional amount of methanol (3 mL)  was then
dded to the reaction mixture and kept in the dark for 30 min.
hereafter, the related absorbance of the sample was  measured at
17 nm.  The control was prepared by replacing the Zn NPs stocks
ith deionized water. This experiment was also performed for BHA
s positive control. The scavenging percentage of DPPH was conse-
uently calculated using the following equation:
PPHradicalscavengingability(%) = [1 − (Aa − Ab)/Ac] × 100
here Aa is the absorbance of the sample mixed with DPPH solu-
ion, Ab is the absorbance of the sample without DPPH solution, and
c is the absorbance of the control solution. Required concentration
o inhibit 50% of DPPH (IC50) calculated by linear regression.
.5.2. Reducing power assay
In order to measure the reducing power of Zn NPs one mL  from
ifferent concentrations of NPs (10–500 g mL−1) was mixed with
.5 mL  of sodium phosphate buffer (0.2 M,  pH 6.6) and 0.5 mL  of
otassium ferricyanide (30 mM),  and the prepared mixture was
ncubated at 50 ◦C for 20 min. Subsequently, 2 mL of TCA solution
0.6 M)  was added and the mixture was centrifuged (3000 rpm,
0 min). Thereafter, 0.5 mL  of the obtained supernatant was mixed
ith deionized water (0.5 mL)  and 0.1 mL  of the FeCl3 solution
6 mM),  and the absorbance was recorded at 700 nm. The blank was
repared by replacing of NPs with deionized water. This experi-
ent was repeated for BHA as reference compound at the same
oncentration. These procedures were replicated three times in
arious days and the mean of the absorbencies was employed to
raw an appropriate curve.
.6. Statistical analysis
Each value was expressed as mean ± SD. SPSS software 15 for
indows (SPSS Inc., Chicago) was used for statistical analysis.
ifferences between the groups were determined using one-way
nalysis of variance (ANOVA) and p-values less than 0.05 were con-
idered signiﬁcant.
. Results
.1. Estimation of total phenolic and ﬂavonoid contents of L. vera
xtract
The obtained results of total polyphenolic measurement of the
erbal extract showed a TPC amount of 691 ± 5 mg/g dry weight
f plant according to the gallic acid standard curve (R2 = 0.988).
n the case of TFC, the achieved results revealed an amount of
1.8 ± 8.5 mg/g dry weight of the plant based on the rutin calibra-
ion curve (R2 = 0.998).Fig 1. Mixtures of Zinc sulfate (1 mM)  and L. vera extract after (A) and before (B)
heated in microwave oven (850 W,  60 S).
3.2. Biosynthesis and characterization of Zn NPs
Fig. 1 shows the bottles containing L. vera extract and zinc sul-
fate (1 mM)  after (tube A) and before (tube B) reaction for 60 s under
heating in microwave oven (850 W).  Moreover, no color change was
observed when the experiment was performed at room tempera-
ture or kept for 24 h in the same conditions (data not shown). In
addition to observe the color change of the aqueous media, the
production of Zn NPs was conﬁrmed by UV–vis spectral analysis
(Fig. 2a) indicating an absorption peak in the range of 230–330 nm.
The SEM image of Zn NPs proved that the prepared NPs have
spherical shape and there were some aggregates of various lengths
(Fig. 2b). The EDX microanalysis of the biogenic NPs exhibited Zn
absorption peaks consisting of ZnL˛1, ZnK˛1, and ZnKˇ1 at 1.01, 8.64
and 9.57 keV, respectively (Fig. 2c). Elemental composition analy-
sis showed the presence of strong signals from the Zn atoms with
weight percent equal to 100 without other atom signals (Fig. 2c).
Size distribution pattern measured from manual counting of 400
individual particles from different SEM images showed that Zn NPs
were in the range of 30–80 nm and the most frequent NPs were in
the range of 50–60 nm (Fig. 2d). The XRD pattern exhibited (101),
(201), (202), (203), and (300) diffraction peaks at 19.6◦, 36.9◦, 39,
43.9◦, and 54.8◦, respectively (Fig. 3a). These data were in accor-
dance with the HCP structure of zinc and they are in agreement with
JCPDF 011238. The FTIR analysis of the biogenic Zn NPs produced
in the present study represented peaks at 1407, 1262, 1064, and
580 cm−1 which might be corresponded to C C, C N, C N and C–(F,
Cl or Br) moieties, respectively (Fig. 3b(1)). The broad absorption
peaks at 1627 cm-1, 3418 cm−1, and 2923 cm-1 might arise from the
polypeptide amide bond-1, O H stretching of the phenolic bond,
and O H stretching of the carboxylic acid, respectively. The same
strong peaks was observed in the FTIR spectrum of oven-dried L.
vera extract (Fig. 3b (2)) and similarity was  determined between
the FTIR spectra with different synthesis times (results not shown).
3.3. Cytotoxicity of the Zn NPsIn order to evaluate the cytotoxic effect of the biogenic Zn NPs
produced in the present study and ZnSO4, the MTT-based colori-
metric assay was  applied. The obtained results showed a direct
dose–response manner for both the Zn NPs and Zn2+ (Fig. 4).
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icrowave assisted synthesis in the presence of L. vera extract.
or A549 (Fig. 4a), MCF-7 (Fig. 4b), HT-29 (Fig. 4c), and Caco-2
Fig. 4d) cell lines treated with Zn NPs, the concentration necessary
ausing 50% cell death (IC50) was found to be 22.3 ± 1.1 g mL−1,
6 ± 3.7 g mL−1, 10.9 ± 0.5 g mL−1, and 56.2± 2.8 g mL−1,
espectively (Fig. 4). The calculated IC50 for ZnSO4 was found
o be 81.6 ± 1.3 g mL−1 (A549), 121.0 ± 2.4 g mL−1 (MCF-7),
3.0 ± 1.4 g mL−1 (HT-29), and 85.7 ± 2.3 g mL−1 (Caco-2) which
ere signiﬁcantly higher compared to those of Zn NPs (p < 0.05)
Fig. 4).
.4. Antioxidant activity
DPPH radical-scavenging activity of Zn NPs, ZnSO4, and BHA on
PPH were evaluated due to hydrogen donation from these com-
ounds (Fig. 5a). Although the IC50 values of BHA were 44 g mL−1,
he measured IC50 for Zn NPs was 65.3 g mL−1. However, in
he case of ZnSO4 only 10.9% scavenging effect was observed at
igh concentration of 200 g mL−1 (Fig. 5a). By increasing the Zn
Ps concentration from 80 g mL−1 to 200 g mL−1 the scaveng-
ng effect was not signiﬁcantly changed compared to that of BHA
p > 0.05).
The reduction of Fe (III) ions is regularly used as an indicator of
lectron-donating power. For different concentrations the reduc-
ng power of Zn NPs, ZnSO4, and BHA was illustrated in Fig. 5b.
t concentrations above 40 g mL−1 the reducing power of the Zn
Ps and BHA wasn’t signiﬁcantly different (p > 0.05) (Fig. 5b). More-ay spectrum, and d) particle size distribution histogram of the Zn NPs prepared by
over, the reducing power of Zn NPs and BHA at all concentration
was signiﬁcantly higher than ZnSO4 (p < 0.05) (Fig. 5b).
4. Discussion
The unique physicochemical and biological properties of metal
nanoparticles together with potential application of herbal extracts
(as a reducing agent) for biosynthesis of different metal nanos-
tructures have persuaded investigators to evaluate the ability
of different plants for production of such valuable nanoparticles
[11,26]. The present study deal with usage of the both the reducing
ability of the L. vera extract together with heating energy of the MW
for production of Zn NPs. A survey in the literature revealed many
investigations about the neuroprotective [32], anti-inﬂammatory
[33], anti-epileptogenic [34], anti-cholinesterase, and antioxidant
[35] properties of Lavandula species which attributed to the reduc-
ing power of phenolic compounds (such as hydroxycinnamic acids)
and ﬂavonoid derivatives (like ﬂavones and ﬂavanone) present
in the herbal extract. So, in the present study, the TPC and
TFC of the prepared herbal extract was measured using Folin-
Ciocalteu method and ﬂavonoid–aluminium complex formation
assay, respectively, indicated the presence of appropriate amount
of polyphenolic (691 ± 5 mg/g dry weight of plant) and ﬂavonoids
content (91.8 ± 8.5 mg/g dry weight of plant). Costa et al. [33]
obtained a TPC amount of 893.01 ± 17.09 for L. viridis and ascribed
the lipid peroxidation inhibitory effect of this plant to reducing
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otential of the related phenolic compounds. It seems that simi-
ar reducing ability of the L. vera extract was also involved in the
ormation of Zn NPs in the present study.
Normally, the aqueous colloidal solution of Zn NPs represented
 broad absorption peak in the range of 230–330 nm which usually
ttributed to the related strong surface plasmon resonance of Zn
Ps (Fig. 2a, maximum absorbance of 266 nm)  [36]. Sindhura et al.
28] observed similar UV–vis proﬁle after treatment of zinc nitrate
olution (1 mM)  using the leaves of P. hysterophorous in order to
roduce biogenic Zn NPs. The same pattern of UV–vis absorbance
absorption peak at 379 nm)  was also reported by Taranath et al.
27] who applied the aqueous leaf extract of J. adhatoda L. for
iosynthesis of Zn NPs. Application of MW as a novel and eco-
riendly method for synthesis of nanostructures [37] and bioactive
rganic molecules [20,38,39] has attracted considerable attention
uring the last few years. For example, Chen et al. [40] synthesized
nO nanoparticles with the average size of 15 nm using 20 h MW
reatment (0.8 kW and 2450 MHz) of Zn acetate. El-Naggar et al. [41]
ynthesized gold and core–shell silver–gold nanoparticles using the
ame procedure.
The SEM micrograph (Fig. 2b) and the related size distribution
istogram of the biogenic Zn NPs (Fig. 2d) prepared in the present
tudy conﬁrmed that the produced nanostructures were spherical
n shape with size ranges of range of 30–80 nm.  Taranath et al. [27]
eported that the Zn NPs prepared by boiling a mixture of Zn nitrate
olution and aqueous leaf extract of J. adhatoda L. exhibited spher-
cal shapes with size ranges of 55–83 nm.  Singh et al. [42] reported
hat the average diameter of colloidal Zn NPs synthesized using
ulsed laser ablation of metal plate were 14.71 ± 8.1 nm and 66% of
he nanoparticles represented the size of 9.4 nm.
Generally, formation of the nanoparticles assisted by different
xtracts led to addition of some functional groups on the surface
f nanoparticles. Thus, the FTIR measurements were used to rec-edicine and Biology 39 (2017) 116–123
ognize such functional groups located on the surface of biogenic
Zn NPs (Fig. 3b) [13,15]. Like the obtained results of the present
study (Fig. 3b) the FTIR spectrum of spherical Zn NPs (16–108.5 nm)
prepared using the leaf extract of P. hysterophorous also showed
the presence of different functional groups such as alcohols, phe-
nols, alkenes, nitriles, carbonyls, aromatics, aliphatic amines, alkyl
halides, alkenes, and alkynes [28]. Rapid formation of Zn NPs by
microwave-assisted synthesis in the presence of L. vera extract
might be attributable to the creation of reducing agents in the
mixture with the ability to convert Zn+2 ions to Zn0. Huang et al.
[43] who  applied the sun dried leaf of Cinnamomum camphora for
production of silver and gold nanostructures ascribed such abil-
ity to the reduction potential of different polyols or heterocyclic
compounds presents in herbal extract toward Ag+ or Au+3 ions.
Although, more studies should be conducted to identify the struc-
tures and mechanisms involved in the formation of Zn NPs by the
extract of L. vera it seems that different chemical compounds from
the plant extract were attached to the surface of the produced
NPs during the reduction process. Furthermore, each of the above-
mentioned functional groups could be utilized for conjugation of
the different compounds on the surface of the Zn NPs for various
applications.
According to the obtained results of cytotoxicity assessment of
the prepared Zn NPs and Zn2+ ions in the present study (Fig. 4a–d)
it seems that the toxicity of both the ZnSO4 and Zn NPs on HT-29
cell line was  somehow higher compared to other cell lines. Fur-
thermore, it was found that the related IC50 of biogenic Zn NPs
on all applied four cell lines was signiﬁcantly decreased (p < 0.05)
compared to those of ZnSO4 which means that the formation of
nanostructure enhanced the cytotoxicity of the Zn. Similar results
were observed by Roszak et al. [44] who evaluated the cytotoxic and
genotoxic effects of nano-sized and ﬁne ZnO structure on human
bronchialepithelial cells (BEAS-2B). In contrast, Altunbek et al. [45]
obtained higher toxicity for human dermal ﬁbroblast (HDF) and
human lung cancer (A549) cell lines after exposure to Zn2+ com-
pared to that of ZnO NPs. Khan et al. [46] reported that the produced
ZnO nanostructures did not signiﬁcantly exhibit different cytotoxic
effect on erythrocytes compared to respective ions. In general, the
physicochemical features of nanoparticles like size, surface area,
and shape could greatly affect the toxic properties of nanostruc-
tures [5]. Recently, many investigations have been conducted to
ﬁnd the related mechanism of Zn toxicity on the both cancer cell
line and normal cells. For example, John et al. [47] studied on the
effect of high concentrations of zinc on three different cell lines
(HCT-116, HT-29, and SW620) belonging to different stages of colon
cancer. They observed that Zn induced cell cycle arrest via ERK sig-
naling pathway (HT-29), JNK activation (HCT-116 and SW620), and
p38 overexpression (SW620) [47]. They also ascribed the greater
sensitivity of SW620 cell line to alteration of Zn-efﬂux transporter
including ZnT1 (downregulation) and Zn importer (ZIP4, upreg-
ulation) after exposure (72 h) of this cell line to Zn [47]. Such
observation was also reported for malignant breast tumor cells
(T47D) where suppression of ZnT2 (a Zn transporter which seques-
trate it into vesicles) expression caused accumulation of Zn in
cytoplasmic ﬂuid and as a result caspase-independent apoptosis
pathway mediated cell death [48]. In another study performed by
Rudolf and Cervinka [49] it was found that the increased intracellu-
lar concentration of Zn was in accordance with activation of p53 and
p38 kinase and moderate DNA damage in dermal ﬁbroblasts which
led to cell death via apoptosis or premature cell senescence. For
other eukaryotic cells like Allium cepa L. root tip cells treated with Zn
NPs, some abnormalities such as anaphase bridge formation, diago-
nal anaphase, C-metaphase, sticky metaphase, laggards, and sticky
anaphase have been reported [27]. Kao et al. [50] reported that
the cytotoxicity of Zn-containing nanoparticles might be related to
their dissolution and elevated intracellular concentration of Zn+2
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sig. 4. Effect of biogenic Zn NPs and ZnSO4 on viability of a) A549, b) MCF-7, c) HT-
alue is represented as mean ± SD of three independent experiments and signiﬁcan
ons led to cell apoptosis. However, the cytotoxicity mechanism
f the prepared Zn NPs in the present investigation was not com-
letely understood and merits further investigations.
As shown in Fig. 5a and b at all concentrations of Zn NPs the
cavenging activity and reducing power were signiﬁcantly higher
han ZnSO4 (p < 0.05). The lower in vitro antioxidant activity of the
nSO4 (which is soluble in aqueous media) in comparison to Zn NPs
ight probably be ascribed to the large surface area produced by
nsoluble NPs or the chemical structure from L. vera extract attached
n the surface of NPs which could be easily react with DPPH rad-
cals or reduce the Fe (III) ions. Literature review revealed that Zn
ontaining nanostructures exhibited both the antioxidant property
s well as oxidative stress promoter feature. For example, Kumar
t al. [50] reported that ZnO NPs (12–72 nm)  fabricated by Citrus
aradise peel extract exhibited 80% DPPH radical-scavenging activ-
ty at concentration 97.6 g mL−1. Suresh et al. [51] determined
hat the hexagonal ZnO NPs (5–15 nm), synthesized using aque-
us extract of Cassia ﬁstula,  represented DPPH radicals scavenging
ctivity with IC50 equal to 2.8 mg  mL−1. Furthermore, Mansour et al.
7] observed that the orally administration of the antioxidant Zn
estored all oxidative stress indexes as well as liver and kidneys
amage induced by chlorpyrifos (an organophosphorus insecti-
ide). In contrast, Zanni et al. [52] observed that exposure of MCF7
nd HaCaT cell lines to ZnO microparticles signiﬁcantly increased
he ROS (reactive oxygen species) generation which enhanced their
elated cytotoxicity. The obtained results of the present study
howed higher toxicity for Zn NPs (Fig. 4) which exhibited higherd d) Caco-2 cell lines determined by MTT-based colorimetric cytotoxic assay. Each
ues (*, p < 0.05) were achieved after ANOVA analysis of the obtained results.
antioxidant property (Fig. 5) compared to those of Zn2+ ions. It
seems that other cytotoxic mechanisms (except for oxidative stress
promotion or inhibition) involved in progression of cell death.
5. Conclusion
To sum up, in the present study spherical shape Zn NPs were pre-
pared by a simple and fast microwave-assisted synthesis method
using L. vera extract. Determination of the chemical composition of
the herbal extract conﬁrmed the presence of high amount of phe-
nolic compounds and ﬂavonoid contents which might be involved
in the formation of Zn nanostructures. The obtained data of DPPH
radical scavenging activity and reducing power assay showed that
the antioxidant activity of Zn NPs was  signiﬁcantly higher than
ZnSO4. On the other hand, insoluble Zn0 exhibited higher in vitro
antioxidant activity compared to soluble Zn+2 ions. Assessment the
cytotoxic effects of Zn NPs and Zn2+ ions on four cancer cell line
exhibited higher toxicity for Zn NPs compared to ZnSO4. Never-
theless, more investigations should be performed to ﬁnd about the
mechanisms involved in the formation of Zn NPs and their related
cytotoxicity.Conﬂict of interests
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